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equipment  commonly  available  in  a nuclear  medicine  department,  and  causes  no 
discomfort  for  the  subject.  The  minimum  detectable  amount  of  has  been 
found.tn-b«-arl.  0 nCi  with  a counting  time  of  100  seconds.  The  linearity  of  the 
method  has  been  measured  using  an  ORINS  thyroid  phantom  and  sources  traceable 
to  the  NBS.  The  method  is  in  regular  use  at  the  AFRRI  and  some  results  ob- 
tained from  this  use  are  presented. 


UNCLASSIFIED 

SCCuniTV  CtAMIFICATION  OF  Tm»  Bmlm 


PREFACE 


The  authors  wish  to  thank  G,  J.  Adler  who  contributed  to  the  idea  oi  using 
the  gamma  camera  for  measuring  thyroid  burden.  Thanks  also  to  H.  E.  Bourne 
and  K.  G.  Mendenhall  for  their  assistance  in  collecting  the  data,  and  special 
thanks  to  L.  A.  Slaback  without  whose  prodding  this  paper  would  not  have  been 
written. 


Prcf;ice 


TABU-:  OF  CONTEN'I'S 


Paj-e 

1 


! 

I 


Introduction 
Method  . 


Experience 


Conclusions 

References 


9 

10 

11 


LIST  OF  FIGURES 


Figure  1.  Camera  with  pinhole  collimator  attached  imd  insert 

removed 0 

Figure  2,  Relative  efficiencies  versus  position  for  22-keV  x ray 

from  a point  source  of  ^*^^Cd 7 

Figure  3.  Spectmim  of  ~10  nCi  of  ^^^1  from  worker  taken  using 
pinhole  collimator  with  insert  removed  at  distance 
of  11.4  cm  and  100-sec  counting  time 8 


Figure  4.  Spectrum  of  30  nCi  of  in  GRINS  thyroid  phantom 
and  background  with  pinhole  collimator  insert 
removed 9 


i 

i 


I 


r 


INTRODUCTKJN 

1-^1  is  routinely  used  at  the  AKRRI  in  various  experimental  tasks.  We 
have  develoiK'd  a metluxl  for  measuring  the  thyroid  burden  of  in  personnel 
exix)setl  during  these  proeedures  using  an  Anger  t>'pe  gamma  camera  as  a detec- 
tor of  the  Te  x rays  emitted  at  27  and  31  keV^  in  the  decay  of  lliis  detec- 

tor system  allows  rapid  meiisurement  while  reUiining  the  capabiliW  of  detecting 
nanocurie  amounts  of  in  the  thyroid.  We  are  thus  able  to  accurately  evalu- 
ate the  thyroid  burden  of  our  pei'sonnel  while  causing  a minimum  of  discomfort 
and  inconvenience  to  the  individual. 

METHOD 

The  critical  organ  for  upUike  is  the  thyroid.'^  It  has  been  shown^  that 
within  2 days  of  exposure  to  more  than  95  percent  of  the  total  body  burden 

is  present  in  the  thyroid.  At  any  subsequent  time,  a measurement  of  the  ' I 
activity  in  the  thyroid  is  a reliable  indication  of  the  final  thyroid  burden. 

This  activity  was  measured  using  a Searle  Radiographics  Pho  Gamma  HP 
scintillation  cjimera.  The  summed  energy  pulse  from  the  camera  was  routed  to 
the  input  of  the  X ADC  of  a General  Electric  MED-II  computer  system  which  then 
functioned  as  a multichannel  analyzer  with  a 256-channel  conversion  gain.  A 
standard  pinhole  collimator  was  attached  to  the  camera.  The  lead  insert  defin- 
ing the  pinhole  was  removed,  leaving  a collimator  having  an  aperture  7.6  cm  in 
diameter  at  a distance  of  11.0  cm  from  the  25.4  x 1.3  cm  Nal(Tl)  crystal  (Fig- 
ure 1).  It  was  necessary  to  I’etain  some  collimation  because  the  camera  was  lo- 
cated in  an  operational  nuclear  medicine  laboratory  and  the  background  observed 
with  an  uncollimated  detector  was  unacceptably  high,  it  was  also  observed  that 
some  subjects  had  surface  contamination  of  on  the  face  and  hands.  The 
collimator,  which  limited  the  field  of  view  of  the  detector  to  the  thyroid  region, 
reduced  the  interference  from  this  contamination. 

The  sensitivity  of  the  system  was  measured  as  a function  of  vertical  and 
lateral  position  using  the  22-keV  x ray  from  a jx)int  source  of  ^®^Cd.  A fit  to 
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Fi^^ure  lo  Camera  with  pinhole  collimator  attached  and  insert  I’emoved 

these  data  was  performed  and  Lsoefficiency  curves  wei'e  calculated  in  10  percent 
increments  as  shown  in  Figure  2.  From  these  data  a source  to  collimator  dis- 
tance of  12, 7 cm  was  chosen  giving  a range  of  sensitivities  of  + 15  percent  over 
the  thyroid. 

The  correlation  of  observed  count  rate  versus  activity  was  measured  as  a 
further  validation  of  the  method.  Three  sources,  having  activities  of  8.1, 
8.  8,  and  118.8  nCi,  were  prepared  using  National  Bureau  of  Standards  cali- 
brated standard  reference  materials  (SRM-2030-74).  An  ORINS  thyroid  phan- 
tom was  placed  under  the  detector  in  the  standard  position  and  counted  without 
the  sources  for  100  seconds  to  obtain  a background.  This  procedure  was  re- 
peated with  each  source  in  place,  then  with  both  lower  acting  sources  in  place 
in  the  phantom  giving  four  observed  count  rates  to  correlate  with  the  known  ac- 
tivities. These  data  were  subjected  to  linear  regression  analysis  yielding  a 
correlation  coefficient  of  0. 99. 
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DISTANCE  OFF  AXIS  (cm) 

Fifoire  2.  Relative  efficiencies  versus  position  for  22-keV  x ray 
fi'om  a point  source  of 

To  insure  the  accuracy  and  reproducibility  of  the  activity  measurements, 
the  following  operations  were  performed  each  time  the  apparatus  was  prepared 
for  use.  Two  standards  were  placed  in  the  ORINS  thyroid  phantom,  posi- 
tioned at  the  predetermined  source-detector  distance,  and  counted  for  100  sec- 
onds. A background  measurement  was  obtained  by  removing  the  standards  and 
repeating  the  counting  procedure.  After  decay  correction,  the  results  of  these 
two  measurements  were  used  to  calculate  the  calibration  factor  in  coimts  per 
minute  per  nanocurie,  and  the  minimum  detectable  amount  given  by 
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where  B is  the  background  count  rate,  t is  the  counting  interval,  and  E is  the  ra- 
tio of  count  rate  to  activity’. 

The  subject  was  then  placed  in  a reclining  position  under  the  detector  as- 
sembly and  counted  for  100  seconds.  Some  energy  spectra  obUiined  are  pre- 
sented in  Figures  3 and  4.  An  activity  of  10  nCi  is  easily  seen  in  Fignie  3 and 


11,4  cm  and  100-sec  counting  time 


the  similarity  of  the  spectrum  from  a human  subject  in  Figure  3 and  that  from 
the  phantom  in  Figure  4 provides  some  increased  confidence  in  the  calibration 
method.  From  spectra  such  as  that  in  Figure  3,  a thyroid  activity  may  be  cal- 
culated using 

A = pIF  (S-B) 

where  A is  the  activity  in  the  subject,  Ap  is  the  activity  in  the  phantom, 
P is  the  gross  count  rate  of  the  phantom,  B is  the  background  count  I’ate,  and  S 
is  the  gross  count  rate  of  the  subject. 
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Figure  4.  A.  Spectrum  of  30  nCi  of  in  ORINS  thyroid 

phantom  at  distance  of  11.4  cm  and  100-sec  count- 
ing time.  B.  Typical  100-sec  background  with 
pinhole  collimator  insert  removed. 


EXPIORIENCE 

This  system  has  been  in  use  now  for  several  months  at  the  AFRRI.  Mini- 
mum detectable  amounts  (MDA)  as  low  as  1 nCi  have  been  calculated  for  a 
100-sec  count.  This  value  is  considerably  below  the  maximum  permissible  thy- 
roid burden  of  571  nCi  (15  rad  y“^)/(3.0  x lO"*’  rad* nCi"^ • h"^  x 24  h*d“l  x 305 
(j.y- 1)^.1  alternate  method  of  vising  the  camera  without  any  collimator  was 
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atlein])tt“tl.  Tliis  necessitated  tlie  use  of  a leatl  apron  t<J  shield  the  camera  from 
scatter  radiation  from  the  inxly,  and  to  reduce  any  contributions  from  low  level 
conhimination  of  the  hands  or  clothing'.  However,  variable  radiation  conditions 
in  the  nuclear  medicine  laboratory  c-ontributed  sii;nificantly  to  background  and 
at  times  raised  the  MDA  to  as  much  as  o nCi. 

CONCLUSIONS 

The  metluxi  has  shown  itself  to  be  sensitive  and  precise  for  the  determina 
tion  f)f  thvi'oid  i:)urden  of  The  eciuioment  employed  is  available  in  many 

hospiUils  and  medical  facilities  thus  minimizinj;  the  capital  outlay  to  bef>in  such 
a in-of-ram.  More  ini{X)rt;intly,  perhaps,  the  method  involves  a minimum  of  dis 
comfort,  incon\enience,  and  loss  of  time  to  the  individual,  making  it  practical 
to  maintain  an  ongoing  monitoring  program.  Personnel  at  the  AFIIRI  who  have 
participatetl  in  the  iodination  of  protein  compounds  have  been  regularly  checked 
by  this  procedure  over  the  past  8 months.  Levels  as  low  as  2 nCi  have  been 
positively  detected.  We  have  found  the  procedure  presented  here  to  be  a satis- 
factory one  and  will  continue  it  at  the  AFRRI, 
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